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(54) SEMICONDUCTOR DEVICE 

(57) A semiconductor device 1 4 capable of reducing 
the warpage in a substrate is provided. A semiconduc- 
tor chip 12 is mounted on a substrate 10 made of an 
electro-insulating material by flip-chip bonding, so that 
connector terminals formed on the substrate 10 are 
connected to electrodes of the semiconductor chip 12 
and a gap between the substrate 10 and the semicon- 
ductor chip 12 is filled with an underfiller 18. According 
to the present invention, in the semiconductor device 
14, none of sides of the substrate 10 is parallel to any 
one of sides of the semiconductor chip 12, and none of 
diagonal lines S of the substrate 10 coincides with any 
one of diagonal lines T of the semiconductor chip 12. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a semiconduc- 
tor device wherein a semiconductor chip is mounted 
onto a substrate by f Ip-chip bonding and is fixed thereto 
via an adhesive means. 

BACKGROUND ART 

[0002] A general structure of a semiconductor device 
14 wherein a semiconductor chip 12 is mounted on a 
substrate 10 made of an electro-insulating material will 
be described with reference to Fig. 1 and Fig. 2(c) which 
is a sectional view taken along line A-A in Fig. 1 . 
[0003] In this regard, flip-chip bonding is a method for 
bonding the semiconductor chip 12 onto the substrate 
10 while a surface of the former carrying active ele- 
ments thereon is opposed to the substrate 10. In gen- 
eral, solder bumps 16 are formed as electrodes on the 
semiconductor chip 12 which is reversed upside down 
and positioned in place on the substrate 1 0, after which 
the solder bumps 16 are molten all together to connect 
the electrodes with connector terminals (not shown) 
formed on the substrate 1 0 and secure the semiconduc- 
tor chip 12 on the substrate 10. Since the solder bumps 
are arranged not only on the periphery of the semicon- 
ductor chip 12 but also at any positions thereon, it is 
possible to easily obtain as many input/output terminals 
(I/O) as needed. 

[0004] Also, since the semiconductor chip 12 is 
directly mounted on the substrate 10 via solder, there 
may be cases wherein an underfiller 18 (such as epoxy 
type resin) is filled in a gap between the substrate 10 
and the surface of the semiconductor chip 12 carrying 
the active elements thereon to reinforce the bonding for 
the purpose of improving the reliability (strength) of the 
connecting portion. 

[0005] When the flip-chip bonding is carried out, an 
anisotropic electro-conductive film or anisotropic elec- 
tro-conductive adhesive having the same adhesive! 
property as the underfiller may be used instead of the 
latter for bonding the semiconductor chp 12 to the sub- 
strate 10. Specifically, a semiconductor chip provided 
with Au stud bumps prepared by the Au wire-bonding 
and the substrate coated with the anisotropic electro- 
conductive adhesive or clad with the anisotropic electro- 
conductive film is prepared. The semiconductor chip is 
placed on the substrate via the anisotropic electro-con- 
ductive adhesive or the anisotropic electro-conductive 
film, and the assembly is heated under pressure to con- 
nect the semiconductor chip with the substrate. In this 
regard, the anisotropic electro-conductive adhesive or 
film contains nickel particles having a size of 3 urn order 
in epoxy type resin and is cured by heat in the same 
manner as on the underfiller. 

[0006] The above-mentioned prior art semiconductor 



device 14, however, has the following problems. 
[0007] The substrate 1 0 or the semiconductor chip 1 2 
is preferably of a square shape. This is because when a 
so-called constant-size substrate of a rectangular 

5 shape (including a square shape) is cut into individual 
square substrates 1 0, or when a sliced silicon wafer of a 
predetermined diameter is cut into individual square 
semiconductor chips 12, as many substrates 10 or sem- 
iconductor chips 12 as possible are obtainable with 

10 least waste, and also the square shape facilitates the 
patterning efficiency of circuit patterns formed thereon. 
[0008] The semiconductor chip 12 is mounted onto 
the substrate 10 so that each of sides of the semicon- 
ductor chip 12 is parallel to the corresponding side of 

is the substrate 1 0. In addition, generally, the semiconduc- 
tor chip 12 is mounted onto the substrate 10 so that a 
center of the former coincides with that of the latter. See 
Fig. 1. 

[0009] When the semiconductor device 1 4 is mounted 
20 onto an originally flat circuit board (not shown), the sem- 
iconductor device 1 4 itself is preferably of a flat shape to 
enhance the reliable connection between the circuit 
board and the substrate 10. 

[0010] As described before, the connecting portion 
25 between the substrate 10 and the semiconductor chip 
12 is reinforced, for the purpose of improving the dura- 
bility or reliability thereof, by the underf iler 18 or the ani- 
sotropic electro-conductive adhesive or film which is 
formed of thermosetting resin and cured through a cur- 
30 ing process. Actually, the substrate 10 often warps after 
the curing process. 

[001 1 ] This warpage phenomenon of the substrate 1 0 
will be explained with reference to Figs. 2(a) to 2(c) illus- 
trating states prior to, during and after the curing proc- 

35 ess, respectively. While the explanation is made on a 
case wherein the underfiller is used as adhesive inter- 
posed between the semiconductor chip 12 and the sub- 
strate 10, the same is true to other cases wherein the 
anisotropic electro-conductive adhesive or film is used 

40 instead thereof. 

[0012] First, in a state shown in Fig. 2(a) wherein the 
semiconductor chip 12 is merely placed on the sub- 
strate 10 prior to the curing process, no substantial 
warpage occurs both in the substrate 10 and the serri- 

45 conductor chip 12. That is, an amount of warpage is 
approximately equal to that in the substrate 10 when it 
stands alone. 

[0013] Next, during the curing process wherein the 
underf flier 1 8 filled in the gap between the substrate 10 

so and the semiconductor chip 12 is cured, the substrate 
10 thermally extends at a high temperature. However, 
since the underfiller 18 is completely cured after the 
substrate 10 has fully expanded, no substantial warp- 
age occurs also in both thereof even in this curing proc- 

55 ess. See Fig. 2(b). 

[0014] Finally, in a passage wherein a temperature of 
the assembly is lowering to a normal temperature, the 
fully extended substrate 10 gradually contracts as the 
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temperature lowers. Since an amount of contraction of a 
region B of the substrate 10 in which the semiconductor 
chip 12 is placed (bonded) (in other words, a region of 
the substrate 10 in contact with the underfill er 18) is 
smaller than an amount of contraction of the remaining 
region of the substrate 10 because the thermal expan- 
sion coefficient of the semiconductor chip 12 is smaller 
than that of the substrate 10. Accordingly, when viewed 
from a lateral side, a surface of the substrate 10 (a back 
surface) opposite to a surface thereof including the 
region B carrying the semiconductor chip 12 therein (a 
front surface) more contracts than the front surface, 
whereby the substrate 10 warps so that the back sur- 
face thereof is concave as shown in Fig. 2(c). 
[0015] This war page of the substrate 10; i.e., the 
warpage of the semiconductor device 14; has the fol- 
lowing relationship with the region B carrying the semi- 
conductor chip 12. 

[001 6] First, the warpage of the substrate 1 0 is a phe- 
nomenon caused by a fact wherein the region B of the 
substrate 10 in contact with the underfill er 18 could not 
fully contract to an extent corresponding to the original 
thermal expansion coefficient thereof, and therefore, the 
warpage occurs with the region B as a center; specifi- 
cally it occurs in the radial direction all over the sub- 
strate 10 from the central point of the region B. 
Assuming the warpage of the substrate 10 along an 
imaginary straight line L passing by the central point of 
the region B, there is a relationship in that the longer a 
segment of the straight line L in the region B, the more 
the warpage. 

[001 7] Second, assuming again that the warpage of 
the substrate 10 is along the imaginary line U since the 
substrate 10 warps to be a generally U-shape as a 
whole with the region B as a center as mentioned 
above, the maximum displacement in the substrate 10 
due to the warpage occurs at the intersection of the 
imaginary straight line L and a contour of the substrate 
10 farthest from the region B. In the square-shaped sub- 
strate 10, the above-mentioned intersection farthest 
from the region B is resulted when the imaginary 
straight line L coincides with a diagonal line of the sub- 
strate 10; in other words, such an intersection exists at 
the respective corner of the substrate 10. That is, the 
maximum warpage generates between a pair of corners 
of the substrate 10 located opposite to each other along 
a diagonal fine. 

[0018] In the prior art semiconductor device 14, both 
of the substrate 10 and the semiconductor chip 12 are 
of a square shape, and the semiconductor chip 12 is 
mounted to the substrate 1 0 with the respective sides of 
the substrate 10 being parallel to those of the semicon- 
ductor chip 12 and with the center of the substrate coin- 
ciding with that of the semiconductor chip 12. Since the 
diagonal line of the substrate 10 coincides with that of 
the semiconductor chip 12, a length of the region B on 
the diagonal line, along which the warpage of the sub- 
strate 10 is maximum, is longest. Thus, it is likely that 
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the generation of large warpage occurs at four corners 
of the substrate 10. 

DISCLOSURE OF THE INVENTION 

[001 9] The present invention has been made to solve 
the above-mentioned problems in the prior art and an 
object of the present invention is to provide a semicon- 
ductor device capable of reducing the warpage of a sub- 
strate. 

[0020] To achieve such an object, according to the 
present invention, a semiconductor device, comprising 
a substrate made of an electro-insulating material and 
having connector terminals on the surface thereof, a 
semiconductor chip to be mounted to the substrate and 
having electrodes to be flip-chip bonded with the con- 
nector terminals, and adhesive means filled in a gap 
between the substrate and the semiconductor chip is 
provided, characterized in that 

none of sides of the substrate as seen in a plan 
view is parallel to any one of sides of the semicon- 
ductor chip as seen in a plan view, and none of 
diagonal lines of the substrate as seen in a plan 
view coincides with any one of diagonal lines of the 
semiconductor chip as seen in a plan view. 

[0021] According to this semiconductor device, a 
length of a region of the substrate in contact with the 
adhesive means measured along the diagonal line on 
which the maximum warpage would occur in the sub- 
strate is apparently smaller in comparison with a prior 
art semiconductor device wherein the diagonal lines of 
the substrate and the semiconductor chip just coincide 
with each other. Thereby, it is possible to reduce the 
warpage at the opposite ends of the diagonal line of the 
substrate; i.e.. at the comers thereof. More concretely, 
while most of the semiconductor chip and the substrate 
are of a square shape or a rectangular shape, even in 
such a case, it is possible to reduce the warpage of the 
substrate at the corner thereof by such an arrangement 
that none of the respective sides of the substrate Is par- 
allel to any one of the sides of the semiconductor chip, 
and none of the respective diagonal lines of the sub- 
strate coincides with any one of the diagonal lines of the 
semiconductor chip. 

[0022] Also, if the semiconductor chip is mounted onto 
the substrate so that either one of sides of the semicon- 
ductor chip is parallel to either one of diagonal lines of 
the substrate, a length of a region of the substrate car- 
rying the semiconductor chip measured along a diago- 
nal line of the substrate becomes a minimum, whereby 
the amount of warpage is least 
[0023] As the adhesive means, either of underfilled 
anisotropic electro-conductive adhesive or anisotropic 
electro-conductive film having an adhesrvrty, each com- 
prised of epoxy type resin, may be used. It is possfole to 
obtain an equivalent effect for reducing the warpage by 
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using any of the adhesive means described above. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a plan view illustrating a contour of one 
example of a prior art semiconductor device; 
Figs. 2(a). 2(b) and 2(c) are sectional views taken 
along a line A-A in Fig. 1 , illustrating a sequence of 
a process for producing the prior art semiconductor 
device, respectively; Fig. 2(a) showing a state 
wherein a semiconductor chip is mounted onto a 
substrate by a flip-chip bonding, Fig. 2(b) showing a 
state wherein an underf iller is filled in a gap, and 
Fig. 2(c) showing a state wherein the underf iller is 
cured and then cooled to a normal temperature; 
Fig. 3 is a plan view of a first embodiment of a sem- 
iconductor device according to the present inven- 



Figs. 4(a) and 4(b) are plan views of a second 
embodiment of a semiconductor device according 
to the present invention illustrating the relationship 
between a substrate and a region, respectively; Fig. 
4(a) showing a state wherein the semiconductor 
chip is mounted onto the substrate so that sides of 
the both are parallel to each other, and Fig. 4(b) 
showing a state wherein the semiconductor chip is 
inclined relative to the substrate; 
Figs. 5(a), 5(b) and 5(c) are plan views of a third 
embodiment of a semiconductor device according 
to the present invention illustrating the relationship 
between a substrate and a region, respectively; Fig. 
5(a) showing a state wherein the semiconductor 
chip is mounted onto the substrate so that sides of 
the both are parallel to each other, Fig. 5(b) show- 
ing a state wherein the semiconductor chip is made 
to rotate so that one of diagonal lines of the semi- 
conductor chip coincides with one of diagonal lines 
of the substrate, and Fig. 5(c) showing a state 
wherein the semiconductor chip is made to further 
rotate to incline the semiconductor chip relative to 
the substrate so that none of the diagonal lines 
coincide with each other; 

Fig. 6 is an illustration for explaining a concept of 
corners of a substrate or a semiconductor chip; 
Figs. 7(a) to 7(d) are sectional views, respectively, 
illustrating various types of a complete semicon- 
ductor device according to the present invention; 
Fig. 8 is a sectional view of a semiconductor device 
according to the present invention mounted to a 
mother board; and 

Figs. 9(a) and 9(b) are a table and graphs, respec- 
tively, showing comparison data of warpage 
between the semiconductor device of the first 
embodiment and the prior art semiconductor 
device. 



BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

[0025] The preferred embodiments of a semiconduc- 
5 tor device according to the present invention win be 
described in detail below with reference to the attached 
drawings. 

[0026] While an underfill er is used as adhesive inter- 
posed between a substrate 10 and a semiconductor 
10 chip 12 in the following embodiments, an anisotropic 
electro-conductive adhesive or anisotropic electro-con- 
ductive film may be used as described with reference to 
the prior art 

15 (First Embodiment) 

[0027] A structure of a semiconductor device 14 will 

be described with reference to Fig. 3. 

[0028] Contours of a substrate 1 0 and a semiconduc- 

20 tor chip 1 2 constituting the semiconductor device 1 4 are 
of a square shape. The semiconductor chip 12 is 
mounted onto the substrate 10 by flip-chip bonding so 
that a center of the semiconductor chip 12 coincides 
with that of the substrate 10. and fixedly adhered by an 

25 underf flier 18. 

[0029] In the prior art semiconductor device 14. as 
shown in Fig. 1 , the respective sides of the substrate 1 0 
and the semiconductor chip 12 are parallel to each 
other and the respective diagonal fines T of the serri- 

30 conductor chip 12 coincide with two diagonal lines S of 
the substrate 10 (i.e., corners of the semiconductor chip 
12 are positioned on the diagonal lines S of the sub- 
strate 10). On the contrary, according to this embodi- 
ment, as shown in Fig. 3, the semiconductor chip 12 is 

35 inclined relative to the substrate 10 so that a diagonal 
line T of the semiconductor chip 12 is deviated from a 
diagonal line S of the substrate S. As an example, in this 
embodiment, the inclination angle is 45 degrees. In this 
state, none of the comers of the semiconductor chip 1 2 

40 is positioned on the diagonal line S of the substrate 1 0, 
and a length of a region B (contact region) of the sub- 
strate 10 in contact with the underf iller 1 measured 
along the diagonal line S8 becomes minimum, because 
the diagonal line S is parallel or orthogonal to the 

45 respective sides of the semiconductor chip 12. Accord- 
ingly, the warpage of the substrate 10 along the diago- 
nal line S becomes least That is, an overall warpage of 
the semiconductor device 1 4 also becomes least 
[0030] In this regard, the semiconductor chip 12 is 

so inclined at 45 degrees in this embodiment so that the 
warpage of the substrate 10 along the diagonal line S 
becomes least. Different inclination angles, however, 
may be selected as shown in Fig. 3 by a chain line 
unless the diagonal line T of the semiconductor chip 12 

55 coincides with the diagonal line S of the substrate 10. 
Even in the latter case, the warpage of the semiconduc- 
tor device 14 is always less than that in the prior art 
semiconductor device. 
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(Second Embodiment) 

[0031 ] A structure of this semiconductor device 1 4 will 
be described with reference to Fig 4. 
[0032] Contours of a substrate 10 and a semiconduc- 
tor chip 12 constituting the semiconductor device 14 are 
of a rectangular shape and similar to each other. The 
semiconductor chip 1 2 is mounted onto the substrate 1 0 
by a flip-chip bonding so that a center of the semicon- 
ductor chip 12 coincides with that of the substrate 10, 
and is fixedly adhered by an underf tiler 18. 
[0033] Similar to the first embodiment, the prior art 
semiconductor device 14 shown in Fig. 4(a) wherein 
each side of the substrate 10 is parallel to each side of 
the semiconductor chip 12 is modified so that the 
respective diagonal lines T of the semiconductor chip 
12 do not coincide with the respective diagonal lines S 
of the substrate 10 by inclining the semiconductor chip 
12 relative to the substrate 10 as shown in Fig. 4(b). 
Thereby, a length of a contact region B of the substrate 
10 in contact with the underf iller 18 measured along the 
diagonal line S, which causes the warpage. becomes 
shorter in comparison with the prior art semiconductor 
device 14. and therefore the warpage of the substrate 
10 along the diagonal line S becomes least. Accord- 
ingly, an overall warpage of the substrate 10 as well as 
the semiconductor device 14 is also reduced. 
[0034] In this embodiment, to reduce the warpage of 
the substrate 10 to a maximum extent the semiconduc- 
tor chip 12 is made to incline relative to the substrate 10 
so that one of sides of the semiconductor chip 12, par- 
ticularly a longer side in this case, is parallel to the diag- 
onal line S, as shown in Fig. 4(b) by a chain line. In such 
a state, a length of the contact region B measured along 
the diagonal line S of the substrate 10 becomes short- 
est. Regarding the first embodiment, since the semicon- 
ductor chip 12 is of a square shape, there is no 
distinction between a shorter side and a longer side. 
Even in this case, supposing that one pair of opposite 
sides constitute longer sides, it could also be said that a 
length of the contact region B measured along the diag- 
onal line S of the substrate 10 becomes shortest if the 
longer side is parallel to the diagonal line S, resulting in 
the least warpage. 

(Third Embodiment) 

[0035] A structure of this semiconductor device 1 4 will 
be described with reference to Fig. 5. 
[0036] Contours of a substrate 1 0 and a semiconduc- 
tor chip 1 2 constituting the semiconductor device 1 4 are 
not similar; i.e., the semiconductor chip 12 is of a 
square shape and the substrate 10 is of a rectangular 
shape, for example. The semiconductor chip 12 is 
mounted onto the substrate 1 0 by a flip-chip bonding so 
that a center of the semiconductor chip 12 coincides 
with that of the substrate 10 and is fixedly adhered by an 
underf iller 18. 



[0037] According to this embodiment even in the prior 
art semiconductor device 14 shown in Fig. 5(a) wherein 
each side of the substrate 10 is parallel to each side of 
the semiconductor chip 12, the respective diagonal 
5 lines T of the semiconductor chip 12 do not coincide 
with the respective diagonal lines S of the substrate 10. 
Therefore, the warpage of the substrate 10 along the 
diagonal line T becomes less in comparison with a case 
shown in Fig. 5(b) wherein the semiconductor chip 12 is 
10 made to inline relative to the substrate 1 0 so that one of 
the diagonal lines T of the semiconductor chip 12 coin- 
cides with one of the diagonal lines S of the substrate 
10. 

[0038] If the semiconductor chip 12 is made to further 
is incline in the same direction from the state shown in Fig. 
5(b) so that a pair of longer sides of the semiconductor 
chip 12 (i.e., one of two pairs of opposite sides since the 
semiconductor chip 12 is of a square shape in this 
embodiment) are parallel to one of diagonal lines S of 
20 the substrate 10, a length of a region B of the substrate 
1 0 in contact with the underf iller 1 8 measured along this 
diagonal line S, which causes the warpage, becomes 
shortest, resulting in the least warpage generated along 
the diagonal line S of the substrate 1 0. 
25 [0039] There is a contour of a semiconductor chip 12 
or a substrate 10 as shown in Fig. 6 wherein comers 
thereof are cut off. In such a semiconductor chip 12 or 
substrate 10. an imaginary corner D is conveniently 
defined by an intersection between extensions of the 
30 respective sides, and a diagonal line is defined by a 
straight line connecting these imaginary comers D with 
each other. 

[0040] Although not specifically described, when the 
semiconductor chip 12 is inclined relative to the sub- 
35 st rate 1 0, positions of a group of connector pads formed 
on the substrate 10 must, of course, be inclined as a 
whole in correspondence thereto. 
[0041] Figs. 7(a) to 7(d) illustrate various types of a 
completed semiconductor device according to the 
40 present invention, particularly classified in accordance 
with kinds of substrates. Fig. 7(a) is a semiconductor 
device of a ball gid array type wherein solder bumps 30 
are used also in the substrate 10 as external connector 
terminals. Fig. 7(b) is a semiconductor device of a pin 
45 grid array type wherein pins 20 are used in the substrate 
10 as external connector terminals. Fig. 7(c) is a semi- 
conductor device of a land grid array type wherein lands 
22 are used as external connector terminals. Fig. 7(d) is 
a semiconductor device of a ball grid array type wherein 
so Au stud bumps are used as electrodes 24 of the semi- 
conductor chip 12. and an anisotropic electro-conduc- 
tive film 26 is used as adhesive means. 
[0042] Fig. 8 illustrates a semiconductor device 
according to the present invention mounted onto a 
55 mother board 28. While this semiconductor device is of 
a ball grid array type shown in Fig. 7(a), other types may 
be mounted onto the mother board 28 in the same man- 
ner. In this case, since the warpage of the substrate 10 
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is reduced as described above, a stress in the connec- 
tion between the solder bumps 30 of the substrate 10 
and the mother board 28 becomes smaller. 
[0043] Next, as shown in Figs. 9(a) and 9(b), five sam- 
ples of the prior art semiconductor device (Nos. 3. 2, 8, s 
6 and 4) and five samples of the semiconductor device 
according to the first embodiment (Nos. 5, 9, 1,7 and 
10) were prepared for the purpose of comparison. They 
were tested to determine the warpage in an initial state 
wherein the semiconductor chip 12 is merely mounted io 
onto the substrate 10 and the warpage in a final state 
after the underfill er 18 has been filled and cured, from 
which is obtained the respective difference in warpage 
(DELTA) from the initial state to the final state. A size of 
the semiconductor chip 12 was 15 mm x 15 mm, and is 
that of the substrate 10 was 40 mm x 40 mm. The warp- 
age was measured by a non-contact type tester (RVSI; 
LS-3900DB). 

[0044] Upon the selection of the respective samples, 
care was taken so that the samples of the prior art sem- so 
iconductor device (shown in Fig. 1) and those of the 
semiconductor device according to the present inven- 
tion (shown in Fig. 3) respectively include one having, in 
the initial state, the same tendency in the direction and 
amount of the warpage. 25 
[0045] As apparent from the test results, the semicon- 
ductor device according to the present invention is 
always less in DELTA than the prior art semiconductor 
device between the respective pair of samples of the 
same tendency (5 and 3; 9 and 2; 1 and 8; 7 and 6; and 30 
10 and 4), which exhibits the favorable effect of the 
present invention. In a table of Fig. 9(a), curves in a col- 
umn of DIRECTION, Initial State and Final State illus- 
trate profiles of warpage, as seen in the lateral direction, 
in the initial and final states of the semiconductor device 35 
carrying the semiconductor chip on the upper side. 
[0046] While the present invention was described 
above with reference to the preferred embodiments, it 
should be noted that the present invention is not limited 
to the above-mentioned embodiments but includes var- 40 
ious changes and modifications without departing from 
a spirit of the invention. 

CAPABILITY OF EXPLOITATION IN INDUSTRY 

45 

[0047] According to the semiconductor device of the 
present invention, a length of the contact region of the 
substrate in contact with the adhesive measured along 
a diagonal fine of the substrate, which is likely to cause 
the maximum warpage, becomes always shorter in so 
comparison with the prior art semiconductor device 
wherein diagonal lines of the substrate and the semi- 
conductor chip coincide with each other. Accordingly, it 
is possible to reduce the warpage at opposite ends of 
the cfi agonal line of the substrate; i.e.. the corners ss 
thereof; resulting in the reduction in an overall warpage 
of the semiconductor device. 

[0048] In addition, the warpage becomes even less if 



the semiconductor chip is mounted onto the substrate 
so that one of skies thereof is parallel to one of diagonal 
lines of the substrate, because a length of the region of 
the substrate for mounting the semiconductor chip 
measured along the diagonal line of the substrate 
becomes a minimum. 

[0049] The present invention is in particular suitably 
applicable to a semiconductor device of a ball grid array 
type and a land grip array type which is particularly 
required to have a flatness when mounted to a mother 
board 28, because if the substrate 10 is warped, there 
are solder bumps or lands incapable of being connected 
to the mother board 28. 

EXPLANATION OF REFERENCE NUMERALS 
[0050] 

10 substrate 

12 semiconductor chip 

1 4 semiconductor device 

16 solder bump 

18 underfller 

20 pin 

22 land 

24 Au stud bump 

26 anisotropic electro-conductive film 

28 mother board 

S diagonal line of substrate 

T diagonal line of semiconductor chip 

Claims 

1. A semiconductor device comprising a substrate 
made of an electro-insulating material and having 
connector terminals on a surface thereof, a semi- 
conductor chip mounted on the substrate and hav- 
ing electrodes to be flip-chip bonded with the 
connector terminals, and adhesive means filled in a 
gap between the substrate and the semiconductor 
chip, characterized in that 

none of sides of the substrate as seen in a plan 
view is parallel to any one of sides of the semi- 
conductor chip as seen in a plan view, and 
none of diagonal fines of the substrate as seen 
in a plan view coincides with any one of diago- 
nal lines of the semiconductor chip as seen in a 
plan view. 

2. A semiconductor device as defined by claim 1, 
characterized in that both contours of the semicon- 
ductor chip and of the substrate are of a square 
shape or a rectangular shape. 

3. A semiconductor device as defined by daim 1, 
characterized in that either one of the sides of the 
semiconductor chip is parallel to either one of the 
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4. A semiconductor device as defined by claim 1. 
characterized in that the adhesive means is an 
underf flier comprised of epoxy type resin. s 

5. A semiconductor device as defined by claim 1, 
characterized in that the adhesive means is an ani- 
sotropic electro-conductive adhesive. 

6. A semiconductor device as defined by claim 1, 
characterized in that the adhesive means is an ani- 
sotropic electro-conductive film having an adhesiv- 
ity. 
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